Introduction
glycosylated luminal domain, one transmembrane domain and a C-terminal cytoplasmic tail. The conserved cytosolic tails of LAMP-1 and LAMP-2 are 11 residues long and contain necessary information for their intracellular targeting after biosynthesis
. Despite their 37% amino acid sequence homology, LAMP-1 and LAMP-2 are distinct proteins [4] . The molecular mass of the polypeptide backbone of human LAMP-1 and LAMP-2 is 40 to 45 kD; however after glycosylation the mass of the glycoproteins is approximately 120 kD [5, 6] . N-glycosylation seems to be important for the stability of the proteins [7, 8] . Both LAMPs also have O-linked carbohydrates in the 'hinge' region of the luminal domain [9] . LAMP-2 undergoes alternative splicing that produces three isoforms called LAMP-2A, LAMP-2B and LAMP-2C [10] .
Mutations in LAMP-2 gene cause Danon disease, a fatal cardiomyopathy and myopathy associated with mental retardation.
The disease is characterized by the accumulation of late autophagic vacuoles in the heart and skeletal muscle [11, 12] .
Most of the detected mutations lead to complete or nearly complete absence of LAMP-2 protein in muscle tissue.
To address the specific functions of LAMP-1 and LAMP-2, we generated mice deficient in each of these proteins. LAMP-1 deficient mice showed a very mild phenotype, and lysosomal properties were similar to controls in LAMP-1 deficient cells [13] . However, deficiency of LAMP-2 caused a severe phenotype. Fifty percent of the mice died at the age of 20 to 40 days [14] . Electron microscopy revealed a massive accumulation of autophagic vacuoles in several tissues including liver, pancreas, kidney, skeletal muscle, heart and neutrophilic leucocytes. We also generated mouse embryonic fibroblast (MEF) [15] .
lines double deficient in both LAMP-1 and LAMP-2. The double deficient MEFs showed increased accumulation of late autophagic vacuoles and a prominent accumulation of unesterified cholesterol in late endosomes/lysosomes

MEFs deficient in LAMP-1 showed no cholesterol accumulation, while MEFs deficient in LAMP-2 showed an accumulation that was intermediate to the LAMP double deficient (LAMP Ϫ/Ϫ
) and wild-type MEFs. [16] . At 
Niemann-Pick C (NPC) disease is a neurodegenerative disorder characterized by a late endosomal/lysosomal accumulation of unesterified cholesterol and other lipids
Materials and methods
Cell lines
MEF lines were generated as described [15] . Cells [21] and total cholesterol was measured using an enzymatic cholesterol assay [22] 
Biochemical cholesterol assays
For analysis of liver and serum cholesterol levels, LAMP-2 deficient and wild-type mice (4-5 months old) were starved for 4 hrs. Lipids were extracted from liver
Lipid analysis by thin layer chromatography
The lipids were extracted in chloroform:methanol:water (2:5:1, v/v/v) 
LDL uptake and degradation
LDL was prepared from plasma of normolipidemic donors by two sequential density-gradient ultracentrifugations in KBr gradients [24] . LDL was radiolabelled with 125 I by the iodine monochloride method [25] . [26] , for 6 hrs. The cells were harvested, and lipids were extracted and cholesterol esterification measured as described previously [27] . [15, 28] .
Western blotting
Results
LAMP double deficient MEFs have a defect in cholesterol esterification
We MEFs, while rat or mouse LAMP-1 showed no effect (Fig. 5A, B 
, E, and not shown). Double immunofluorescence labelling was used to check that the expressed proteins were correctly localized in late endosomes/lysosomes. Endogenous LAMP-2 showed nearly complete overlap with endogenous LIMP-2 (Fig. S2A). Our primary antibodies did not allow double labelling of rat LAMP-1 and LIMP-2. However, endogenous LAMP-1 showed a high degree of colocalization with the late endosomal/lysosomal lipid BMP (Fig. S2B). Transiently expressed mouse LAMP-2 and rat LAMP-1 in LAMP Ϫ/Ϫ MEFs showed similar overlap with endogenous LIMP-2
and BMP, respectively (Fig. 5A, B) , indicating that the expressed proteins were correctly located in late endosomes and lysosomes. 
Luminal domain of LAMP-2 is necessary and sufficient for the rescue effect
Overexpression of Rab proteins or RILP does not abolish the cholesterol accumulation
Overexpression of Rab7 diminishes the cholesterol accumulation in NPC1 mutant cells [41, 42] . We reported earlier that overexpression of wild-type Rab7 had no effect on the late endosomal/lysosomal cholesterol accumulation in LAMP Ϫ/Ϫ MEFs [15] . (Fig. S3A, B) . (Fig. S3C) . In LAMP Ϫ/Ϫ MEFs, however, RILP-C33 was predominantly diffuse, and it tended to induce large vacuoles in the cytoplasm (Fig. S3D) [44, 45] .
We also tested the overexpression of constitutively active Rab7 (Q67L), and dominant negative Rab7 (T22N
Rab9 functions in transport from late endosomes to the Golgi apparatus [46] , while Rab8 functions in endocytic recycling and exocytosis [47] [48] [49] . Overexpression of Rab9 or Rab8 diminishes the lysosomal cholesterol accumulation in NPC1 mutant cells [41, 42] [15, 45] . This [55] . Recent studies showed that NPC2 facilitated the delivery and removal of cholesterol from NPC1, and transport of cholesterol from and between membranes [56] [57] [58] . NPC2 showed colocalization with LAMP-2 (Figs 3B and S1) [59] 
Fig. S2 In wild-type MEFs, LAMP-2 colocalizes with LIMP2, and LAMP-1 colocalizes with the lipid BMP. The cells were fixed and double labelled with (A) anti-LAMP-2 (green) and anti-LIMP2 (red), or (B) anti-LAMP-1 (green) and anti-BMP (red).
Fig. S3 Overexpression of RILP or RILP-C33 did not abolish the cholesterol accumulation in LAMP deficient
